Background: Lead (Pb) exposure in shooting ranges has been reduced by various measures such as jacketed ammunition and lead-free primers. Nevertheless, this may lead to exposure to other metals, potentially resulting in adverse health effects. Methods: In a cross-sectional study, 35 subjects from seven different shooting ranges were studied: four shooting instructors, 10 police officers, 15 Special Forces, and six maintenance staff members. Metals and metalloids were determined in blood and urine by inductively coupled plasmaemass spectrometry. Results: The concentrations of most elements did not differ significantly between groups or compared to reference values, except for Sb and Pt in urine and Pb in blood. Mean values for Sb were considerably higher in urine from the Special Forces (0.34 mg/L), the maintenance staff (0.13 mg/L), and shooting instructors (0.32 mg/L) compared to the police officers before shooting (0.06 mg/L) and a Belgian reference value (0.04 mg/L). For Pt, the Special Forces showed higher mean urinary concentrations (0.078 mg/L) compared to a Belgian reference value (<0.061 mg/L). Mean values for blood lead were markedly higher in the Special Forces (3.9 mg/dL), maintenance staff (5.7 mg/dL), and instructors (11.7 mg/dL) compared to police officers (1.4 mg/dL). One instructor exceeded the biological exposure index for blood Pb (38.8 mg/ dL). Conclusion: Since both Pb and Sb were found to be higher in shooting range employees, especially among frequent shooters, it is advisable to provide appropriate protective equipment, education, and medical follow-up for shooting range personnel in addition to careful choice of ammunition.
Introduction
Shooting ranges are used for occupational and recreational training in many countries. In the past decades, various studies have evaluated metal exposure from ammunition [1e19], with a focus on lead, as demonstrated in a recent review [20] . Nowadays, however, lead exposure has been reduced by measures such as better ventilation systems, jacketed ammunition, and lead-free primers [21] . Nevertheless, the question arises if the focus on lead does not cause other metals and metalloids such as copper, antimony, zinc, and arsenic to be present in high concentrations in ammunition, potentially resulting in adverse health effects [2, 12, 22] .
So far, studies using metal air sampling in shooting ranges have not shown any metal level exceeding the occupational exposure limits, which is reassuring [2, 12, 13] . Nevertheless, in several studies, the particle size of some metals released by firing was found to be in the nano-range [2, 12, 13, 16, 17] . Consequently, respiratory and systemic effects resulting from deposition in the lungs cannot be excluded.
We undertook this biomonitoring study to investigate the presence of different metals and metalloids in blood and urine originating from ammunition. We included different shooting ranges used by police officers and groups of workers with presumably different types and intensities of exposure.
Materials and methods

Study design and selection of shooting ranges and participants
In Belgium, around 80 or 90 shooting ranges are used by police officers for training. We selected seven of these shooting ranges to obtain a range of representative ranges in location and type of bullet trap. The included ranges had been in operation since 1980e 2008, accommodating between 20 to 120 shooters per day. The types of bullet traps were escalator (n ¼ 4), granulate rubber (n ¼ 2), and Venetian (n ¼ 1), and the approximate area of shooting spaces ranged from 180 m 2 to 420 m 2 . The number of lanes varied from four (in five ranges) and six and 12 in two. None of the shooting ranges were used for recreational shooting; all were used exclusively for the training of police officers with shooting range 1 being also used by military personnel and customs officers and shooting range 4 and 6 also by Special Forces. Five of the shooting ranges provided a specific type of 9 mm ammunition, but users regularly brought their own ammunition, resulting in different types of ammunition with different compositions used in every shooting range. Composition information of the provided ammunition was limited to the following: 9 mm ammunition with a lead bullet totally covered by copper and a NON-TOX primer (¼not containing antimony, barium, or lead) in shooting range 1 and 9 mm ammunition with a bullet totally made of copper in shooting ranges 2, 3, and 4.
In a cross-sectional design, we studied groups with presumably different degrees of exposure. In the seven selected shooting ranges, we invited all shooting instructors to participate in the study (n ¼ 4). We also invited the maintenance/cleaning staff of these ranges (n ¼ 4), but to increase the number, we also recruited two maintenance staff members responsible for cleaning bullet traps from other police shooting ranges in the country. We also invited 15 members of the Special Forces to participate because their counter-terrorism tasks make them practice several times a week in shooting ranges. A group of general police officers having shooting training only a few times a year was also included, mainly to serve as a control. In the latter participants, we measured metals before and after a training session in shooting range 1 with the provided ammunition of this range.
Dust samples
Dust was collected in October and November 2014 by placing polystyrene petri dishes (Falcon, 150 mm Â 150 mm) for 4 to 8 weeks in six of the seven included shooting ranges. The petri dishes were placed on the ground (preferable in a protective container) to exclude differences because of height. They were placed 10 meters in front of the target where they hardly hindered shooters. Two control petri dishes were placed in a residential building and in a work office. The samples were analyzed by the Division of Soil and Water Management of the KU Leuven in December 2014. The collected dust was first weighed on a microbalance, digested with 1 mL concentrated nitric acid, boiled, and then diluted to 10 mL with a 1% HNO 3 solution, and the concentrations of 29 elements were measured by inductively coupled plasmaemass spectrometry (ICP-MS) as previously described [23] .
Biomonitoring samples
Urine and blood samples from all participants were collected, between 27th of February and 27th of March 2015. All the samples were collected on site by the same researcher, on a Friday to obtain end of workweek samples (except for 3 subjects). Questionnaires were obtained from all participants to obtain information on age, sex, length of service, smoking behavior, diet, hobbies, recreational shooting, other forms of known metal/lead exposure, and details on exposure and the use of protective equipment in shooting ranges. Questionnaires were filled in on the day of the (first) sample collection. In the 10 police officers, urine and blood samples were obtained on the Friday preceding their training and a week later again on Friday, i.e. one day after the training session of a few hours. Blood was taken from a brachial vein using a vacutainer and collected in Becton Dickinson K 2 -EDTA-tubes. Blood could not be taken from one maintenance staff member. A spot sample of urine was collected in a plastic cup and immediately poured into a sterile polystyrene container of about 30 mL. To avoid contamination, participants were asked to wash hands before sampling and to take off working clothes from the shooting range.
After collection, both urine and blood samples were stored in a domestic freezer at À20 C. When all samples had been obtained, they were sent by courier to the Louvain Centre for Toxicology and Applied Pharmacology (Université Catholique de Louvain, Belgium) for a blinded analysis by means of ICP-MS of 25 and eight metals and metalloids in urine and blood, respectively, as previously described [24] . Details of analytical procedures can be found in Supplementary Tables 1 and 2 . Creatinine was also determined, and samples with creatinine values below 0.3 g/L were excluded, when considering creatinine-corrected values [27] .
Ethical aspects
All participants were informed about the design and purpose of the study and were free to participate. Confidentiality was guaranteed. Written informed consent was obtained from every participant. The study was approved by the Ethics Committee of the University Hospitals Leuven.
Statistical analysis
Microsoft Excel 2010, SPSS Statistics 22 and GraphPad Prism 6 were used for database management and statistical analysis. The level of significance was set at p < 0.05 (two-sided).
In dust, only samples with elements for which at least half the samples had concentrations above the limit of quantification (LOQ) were retained for analysis. For concentrations below LOQ, half of LOQ was assigned for statistical calculations. The results from the six shooting ranges were compared with those from the control locations by means of the ManneWhitney test.
For urine samples, we used reference values for the Belgian nonoccupationally exposed population defined by Hoet et al [24] and the available biological exposure index (BEI) [25] (Supplementary Table 1 ). For the blood samples, P50 and P95 from a recent study concerning 2000 residents in Northern France [26] as reference values and the available BEI were used [25] (Supplementary Table 2 ). For concentrations below limit of detection (LOD) for urine and LOQ for blood, half of LOD/LOQ was assigned for statistical calculations.
For both blood and urine concentration values, nonparametric tests were used because data could not be assumed to be normally distributed. In the cross-sectional analysis, data from all groups were compared by means of KruskaleWallis test, followed by Dunn's test. In the police officers, the results before and after shooting were compared by means of a Wilcoxon matched-pairs signed rank test. The correlation between biomonitoring data and metals in dust were assessed by a Spearman correlation.
Results
The characteristics of the study population are summarized in Table 1 . None of the shooters stated to wear protective respiratory equipment. Respiratory protection, safety goggles, and gloves were stated to be used by four, two, and all six maintenance staff members, respectively. Two of them declared not having to clean bullet traps. The four maintenance staff members of the initially included shooting ranges reported cleaning the shooting range every morning for a couple of hours (daily dry and wet cleaning for two participants; dry cleaning every day and wet cleaning once a week for two participants). The two maintenance workers from the added shooting ranges declared working during 8 hours per day, mostly cleaning bullet traps, but they did not specify how. Only three participants (one Special Force and two instructors) stated to practice recreational shooting. All police officers and three out of four instructors indicated that they used only 9 mm ammunition. One instructor and all Special Forces stated to use 5.56, 7.62, and 0.308 ammunition in addition to 9 mm.
In the petri dishes collected from the shooting ranges, the weight of dust ranged from 0.39 mg to 11.14 mg (after removal of visible bullet fragments or wood in some). In Supplementary  Table 3 , results (expressed in flux) are shown for the most important elements in different locations. The flux ratio of Cu, Sn, Sb, and Pb was higher in all shooting ranges when compared to the two control locations. Shooting range 1 and 6 showed higher flux ratios of Zn and Pb, respectively, compared to other ranges. The flux ratio of Ti was markedly higher in shooting ranges 1, 4, and 6. As shown in Fig. 1 , the concentrations of metals in settled dust varied widely (by two orders of magnitude) among the six shooting ranges. Nevertheless, the median concentrations of all measured elements were higher in settled dust collected in the shooting ranges than in settled dust collected in two offices, with fold ratios ranging from 2 (for Mo) to more than 100 (for Pb); the concentrations in settled dust samples from shooting ranges did not overlap with those from the control samples in the case of Cu, Sn, Sb, and Pb. For Pb, a median of 278.6 mg/g dust (range 23.4e2167.7 mg/g dust) was found in dust collected from the shooting ranges, as compared to an average of 139.9 mg/g dust in the control office environment.
Biomonitoring
Urine samples
Results of the urine samples with and without correction for creatinine are shown in Table 2 . Creatinine concentration was below 0.3 g/L in six urine samples, and these samples were excluded for creatinine-corrected analysis. All 45 urine samples had concentrations below LOD for Be and In. In general, the concentrations found in our subjects were similar or somewhat above the reference values for the nonoccupationally exposed Belgian population [24] . Only for Te, mean concentrations higher than the upper reference limit were observed in all groups before and after correction for creatinine. Consistent differences between groups were found for Sb, Pt, and Pb ( Fig. 2(AeC) ), both with and without correction for creatinine. Special Forces had higher values for Sb and Pt than police officers. Pb in urine was significantly lower among the police officers than all other three groups. Ti was significantly lower in Special Forces and maintenance members than in police officers after correction for creatinine. U was higher in Special Forces than in police officers, but not after creatinine correction. Ni was lower in maintenance staff members compared to police officers after correction for creatinine.
Comparing urine concentrations in police officers before and after shooting showed differences only for Se after creatininecorrection (a decrement from a mean of 42.5 mg/g creat to 36.5 mg/g creat; p ¼ 0.03) (Fig. 3A) .
No correlations were found between metal concentrations in urine and dust.
Blood samples
For Co, Pd, Tl, and U, all 44 samples had concentrations below LOD. Other results are shown in Table 3 . For Mn, Cd, and Hg, mean values were comparable to the reference P50 [26] . For Pb on the other hand, all mean values were above the reference P95 with one instructor being above the BEI with a blood lead value of 38.8 mg/dL.
Distribution of Pb in blood for the study population is shown in Fig. 2D . Only Pb showed significant differences between groups, with all three groups having higher concentrations than the control police officers.
Comparison before and after shooting for lead showed a minimaldyet significantdincrement from a mean of 1.41 mg/dLe 1.47 mg/dL (Fig. 3B) .
No correlations were found between metal concentrations in blood and dust.
Discussion
To our knowledge, this is the first biomonitoring study investigating metals other than lead among people working in shooting ranges. Most of the 27 measured elements were within concentrations expected for the Belgian or northern French general adult population [24, 26] . However, Sb, Pt, and Pb exceeded these concentrations in some participants and will be discussed in the following sections.
Shooting ranges
The fact that the included shooting ranges differed in location and type of bullet trap can be seen as a strength. Important to note is that none of the included shooting ranges was used for recreational purposes, which could be a disadvantage since exposure to lead is potentially higher in recreational shooting ranges [8] . On the other hand, the scope of this study was to examine occupational exposure and, therefore, not including recreational shooting ranges can be seen as a plus. A limitation of the study, on the other hand, is the high variability of the ammunition used in the ranges and the lack of information on the composition of some ammunition, thus making it difficult to link dust and biomonitoring results to the ammunition.
Population
In total, 35 persons participated of which 25 belonged to a "continuously" exposed group and 10 to a "control" group with only occasional exposure. If we compare the number of participants with other studies in shooting ranges in which biomonitoring (for lead) took place, 35 participants are rather average. The total number of participants in previous studies varied from two [4] to 367 [10] . In most studies with larger numbers [8, 10, 11] , the included participants were occasional shooters rather than shooting range employees, whereas our study included shooting range personnel, although fewer than in the recent study of Park et al [19] . In contrast to the latter study, we included maintenance staff which is also a strength of our study because this group is often forgotten when studying shooting ranges.
Dust results
The petri dish method was chosen because of its low cost and organizational convenience [28] . This method has been used previously for dust collection for measurement of metals, i.e. for lead [28e30] and cadmium [31] . Disadvantages of the petri dish technique are contamination, the long time period needed to achieve results, and the small amounts of collected dust [28, 29] . Since time was not a problem in our study and because we expected to obtain more dust than in a house setting, we chose this technique. However, in the different shooting ranges, a great variance in dust quantities was obtained. With hindsight, the petri dish method was not the ideal technique for this study because we also collected wood and bullet fragments in some petri dishes. The higher flux ratio of Ti in shooting ranges 1, 4, and 6 might be explained by the use of other calibers than 9 mm in these ranges because military personnel or Special Forces practiced there in addition to police officers. Drawing more conclusions between dust results and ammunition exposure in the ranges is, however, difficult because of the aforementioned limitation. The fact that we could not find a significant correlation between dust results and biomonitoring results is likely due to the limited number of shooting ranges and of biomonitoring samples per shooting range.
Biomonitoring results
The advantage of biomonitoring in comparison with external measurement such as air sampling is the inclusion of all uptake routes (inhalable, dermal, and oral). A disadvantage is the possibly complex interpretation of results because of the various sources and intensity of exposure.
Urine samples
Six urine samples were too diluted (creatinine concentrations below 0.3 g/L) and thus left out for creatinine-corrected analysis. This led to only four maintenance staff members and seven police inspectors before and after shooting who could be evaluated regarding urine samples with correction for creatinine. All the elements determined in the urine samples, except for Ti, could be compared to the recently defined reference values for the Belgian adult population [24] . The samples in our study were analyzed in the same laboratory as in the cited study, supporting the comparison with these reference values.
Lead concentrations were higher in Special Forces, maintenance staff members, and instructors compared with the control group. The mean urinary lead concentrations of the latter two groups exceeded the upper reference limits of the Belgian population. However, lead exposure is better assessed by measuring blood Pb, and this will be discussed below.
Antimony was significantly elevated in urine from the exposed group compared with the control group, persisting after correction for creatinine. The Special Forces showed the highest average values, but the highest value in an individual was found in a shooting instructor (at least without correction for creatinine). The Table 3 ). In the figure, data are expressed as the ratio of the measured value with respect to the average value obtained in the control environment (defined as 1 on the y-axis). The horizontal lines inside the gray bars are medians.
fact that Sb could be found in ammunition is supported by the development of so called NON-TOX ammunition which does not contain Sb in the primer [17] . Little is known about the health effects of exposure to Sb. However, Sb is stated as a possible cause for the occurrence of pneumoconiosis [32] . A BEI has not been defined yet, but the concentrations found in our study appear to be relatively low because Bailly et al [33] showed that an airborne concentration of Sb of about 0.5 mg/m 3 leads to an increase in urinary Sb concentration of 35 mg/g creatinine during a shift, whereas our maximal measured concentration only amounts to 1.5 mg/g creatinine, (result not shown). Nevertheless, paying attention to Sb in shooting range employees and shooters is advisable.
Platinum was remarkably higher in Special Forces compared to all other groups. The only explanation for this observation is the presence of Pt in "special" ammunition possibly only used by Special Forces. This hypothesis is supported by the mention of the use of Pt in electric primers in an old patent [34] . Known health effects of (complex salts of) Pt are allergic reactions [35] . Pt concentrations in our study were not that elevated considering a mean value of 1.52 mg/L that was demonstrated in American residents in 1998 [36] , which is much higher than our highest measured value (0.11 mg/L).
In our study, high mean tellurium concentrations were observed in urine. To our knowledge, Te is not used in ammunition, and we SPF, Special Forces; LOD, limit of detection; URL, upper reference limit; sd, standard deviation. URL, URL-creat, P50 and P50-creat defined by the study of Hoet et al [24] with URL defined as the upper limit of the 90% confidence interval of P97.5; for creatinine-corrected values, samples with creatinine <0.3 g/L were excluded.
* Significant when performing KruskaleWallis test, followed by Dunn's test, with police officers as controls.
cannot draw conclusions about these elevated values of Te in urine; neither can we draw conclusions about the observed lower titanium and higher creatinine-corrected uranium values in Special Forces and lower nickel values in maintenance members.
When comparing urinary values before and after shooting, a significant difference could be noted only for creatinine-corrected Se, which was decreased after shooting. A possible explanation for this finding will be discussed below.
Blood samples
In blood, significant differences were obtained only for lead, which was much higher in the continuously exposed group compared to the control group. These values were also much higher than those recently established in the general population of Northern France [26] . Although the purpose of our study was to assess metals other than Pb, the elevated blood lead levels still represent the most relevant finding in this study. One instructor showed a value above the BEI value of 30 mg/dL [25] . The fact that he had much higher blood lead levels than the other instructors might be due to more years in service or additional recreational shooting. Instructors who only recently got in service probably benefitted from the measures previously taken to reduce lead exposure, reflected in lower blood lead levels. Nevertheless the National Research Council [21] stated that lead could also have negative effects below the BEI, which is recently confirmed [20, 37] . Laidlaw et al [20] stated that there is sufficient evidence that blood lead levels <10 mg/dL are associated with hypertension and decreased glomerular filtration, so we still advise attention to lead exposure in instructors. Important to note are the elevated blood lead levels in the maintenance staff members, even if all of them used gloves and four of them respiratory equipment. We think cleaning the bullet trap might be the biggest cause of lead exposure, but unfortunately, our maintenance group is too small to draw conclusions about the contribution of specific working methods or the effectiveness of personal protective equipment to lower blood lead levels. Nevertheless, like Park et al [19] , we advise health surveillance for shooting range employees including periodically biomonitoring for lead in blood for cleaners and maintenance workers. Moreover, providing appropriate protective equipment for this group appears indispensable. [24] with URL defined as the upper limit of the 90% confidence interval of P97.5. P95 from the study in Northern France [26] . Black lines show mean and standard deviation. SPF, Special Forces; MAINT, maintenance staff; INSTR, instructors; POLICE, police officers before shooting training; LOD, limit of detection; URL, upper reference limit; BEI, biological exposure limit [25] . Finally, when comparing before and after a shooting session, a significant increment in blood Pb could be detected. The increase was minimal and clinically not relevant. Nevertheless, the change not only proves the sensitivity of the ICP-MS technique but also demonstrates that ammunition consisting of a lead bullet totally covered by copper and a NON-TOX primer apparently still causes a detectable lead exposure. It is surprising that we found a slight elevation for lead in blood and not in urine. We have no explanation for this phenomenon other than hypothesizing that the recent uptake of lead via inhalation was reflected in blood and not (yet) in urine. The much higher increments in lead after shooting training, as stated in the review on lead exposure in firing ranges [20] , could be explained by the longer duration of training in their cited studies: i.e. a few days to weeks compared to only a few hours in our study. The fact that the concentration of Se in urine decreased while that of lead in blood augmented after shooting supports the findings of Pawlas et al [38] , who showed an inverse relationship between levels of Pb in blood and Se in serum probably due to interaction of Pb with the antioxidant enzyme glutathione peroxidase.
In conclusion, this biomonitoring study reveals for several metals no significant excess in shooting range personnel or people whose work involves frequent shooting sessions. Among the 27 tested elements, however, antimony, lead, and, to a lesser degree, platinum deserve attention. Antimony and lead, both present in ammunition, were elevated in urine and in blood (lead) in shooting instructors and maintenance staff and in Special Forces who attend shooting trainings a few hours a week. Both metals could cause health concerns. Platinum was only elevated in urine from Special Forces. Since it can be found in some primers and ammunition, this possibly indicates inhalatory uptake of platinum released from ammunition.
We advise that shooting range personnel and frequent shooters should be informed of the possible uptake of metals and their potential health consequences. Besides, providing adequate protection equipment for working in shooting ranges is recommended, especially for maintenance staff. Health surveillance is indicated, both for education and for detecting possible health complaints. Biomonitoring for lead does not seem imperative for sporadic shooters, but it is recommended for employees working daily in shooting ranges. Last but not least, careful choice of ammunition is essential. 
